Professional development (PD) workshops designed to help faculty move from teacher-to learner
et al. , Clarke and Hollingsworth 2002 , Gess-Newsome et al. 2003 . Therefore, the overall goal in the majority of teaching reform workshops is to change and sustain faculty beliefs and instructional practices in order to improve opportunities for student learning (Connolly and Millar 2006) .
To date, the efficacy of workshops has been evaluated principally through self-reported surveys of faculty satisfaction, learning, and examples of applications in their classrooms (Connolly and Millar 2006) . In a recent study about undergraduate education in biology (Pfund et al. 2009 ), the participating faculty reported that they created more effective, learner-centered environments using proven, effective instructional strategies after participating in workshops. Notably, the report identified the need for an independent assessment of classroom practice to supplement self-reported survey data. In fact, there is still an absence of objective measures for evaluating teaching practices of faculty following professional development (PD). In response, we used videotapes (direct observation) along with survey data to study teaching practices of faculty after their completion of a PD program. Specifically, we used the Reformed Teaching Observation Protocol (RTOP) following PD as a means of quantifying the degree to which an undergraduate science classroom is learner centered . N ational reports continue to advocate for reform of undergraduate biology education in order to better prepare students for professions in the biological sciences (Alberts 2008, Brewer and Smith 2011) . One of the major issues identified is that science is not taught as it is practiced-that is, using active, inquiry-based approaches (AAAS 1990 , Handelsman et al. 2007 ). Indeed, researchers have confirmed that active, learner-centered instructional approaches are associated with enhanced learning in science (Prince 2004 , Knight and Wood 2005 , Michael 2006 , Wood 2009 , Blanchard et al. 2010 , Derting and Ebert-May 2010 .
The importance of student engagement as a means of enhancing student learning is the underpinning of many educational workshops implemented annually in the United States that offer faculty opportunities to learn to improve undergraduate science instruction (DeHaan 2005 , Holdren 2009 , Pfund et al. 2009 ). These workshops are typically brief and intense, ranging from several hours to several days, and competencies are addressed that experts deem appropriate for effective instruction, such as active and collaborative learning, team teaching, responding to diversity, and assessing student learning (Garet et al. 2001, Connolly and Millar 2006) . Faculty motivation for participation in such workshops is often prompted by dissatisfaction with their teaching, course goals, instructional practice, or student learning outcomes (Sunal BioScience 61: 550-558. ISSN 0006-3568, electronic ISSN 1525-3244 
Education
Our research was designed as a post hoc analysis of two PD programs to address three questions: (1) How learner centered was the pedagogy that faculty implemented following PD? (2) Did the self-reported data about the faculty's teaching practices differ from the data compiled by independent observers? (3) What variables predict teaching practices of faculty following PD?
The study and participants We focused on faculty participants in two national PD programs: Faculty Institutes for Reforming Science Teaching (FIRST II) and the National Academies Summer Institute on Undergraduate Education in Biology (SI) at the University of Wisconsin. The overarching goals for faculty in both workshops were to increase knowledge about the principles of active learning and scientific teaching (Handelsman et al. 2007 ) and the corresponding instructional practices; to collaboratively develop active, inquiry-based instructional materials; and to gain experience and confidence in implementing active-learning pedagogies during the workshop and in their classrooms after the workshop. The expectation of both programs was that by providing baseline knowledge and opportunities to practice, faculty would reflect this knowledge and experience in their subsequent classroom instruction.
The FIRST II program extended over three years. Teams of faculty from the same department or institution met three to six different times, for a total of 6-12 workshop days during the program. The SI program involved faculty teams from a department or institution for a five-day workshop during the summer. The SI program occurred annually, with new faculty teams each year (Pfund et al. 2009 ). During both workshops, the participant faculty designed instructional units that included learning objectives; assessment of student learning that was aligned with those objectives; and active, learnercentered teaching strategies, such as cooperative learning and interactive classroom activities (Lundmark 2002 , Pfund et al. 2009 ). Both workshops focused on introductory biology courses, which often serve large enrollments and diverse student populations.
All faculty from the two PD programs were invited to participate in our study, and we included faculty who responded to survey data (henceforth called PD participants; n = 211) and a subset of PD participants who also volunteered to videotape their classes (henceforth called RTOP study participants; n = 77). The RTOP study participants were evenly split by PD program, gender, and tenure status (table 1) . Teaching experience ranged from 2 to 41 years and averaged 13 years. The majority (64%) of study participants came from doctoral/ research universities, as categorized by the Carnegie Classification system (Carnegie Foundation for the Advancement of Teaching 2001). The remaining 36% of the participants were divided among associate's colleges (10%), baccalaureate colleges (12%) and master's colleges and universities (14%). The doctoral/research universities were specifically targeted for recruitment into the SI program; therefore, they represent the largest proportion of the sample.
Two types of data were collected from the PD participants: surveys (self-reports) and videotapes (observations) of their teaching. FIRST II participants completed more surveys than SI participants because of program differences. The videotapes were collected when the RTOP study participants taught their courses after the PD program. Not all PD participants submitted all of the surveys.
Four surveys focused on the participants' knowledge and implementation of pedagogy, the PD experience itself, and variables that potentially affected teaching practices (table 2). The surveys included a baseline survey, in which faculty were asked to report their knowledge of and experience with active-learning pedagogy; a midprogram survey, in which faculty were asked to list the reforms that they implemented in their courses based on PD (including assessments, instructional strategies, and teaching materials); a course survey, in which faculty were asked for the number of students enrolled in their courses and to indicate the instructional strategies that they used and the frequency Education of their usage. The course survey was administered each time the course was taught. For instructors who submitted more than one course survey, only the survey with the highest frequency of active-learning strategies was used for the analysis. We chose to report the best-case scenario for implementation by each faculty following PD. In the final survey, faculty responded to a variety of questions, including those concerning their knowledge of and experience with activelearning pedagogy, their confidence about their preparation as a teacher, the level of departmental support that they received, and the challenges that they encountered. The final survey was administered at the end of PD.
Observations of teaching by the RTOP study participants were accomplished using videotapes of class sessions after the participants' completion of PD. The faculty submitted one or more videotapes for analysis of their classroom teaching practice (n = 192). The faculty were asked to focus the video recordings on what the faculty and students did during the class, including all interactions among students, those between teacher and students, and any visual materials used. In many cases, there was not a cameraperson making decisions about where to direct the taping; rather, the camera was fixed in place, focused on the instructor. Direct videotaping of students' faces was avoided in order to protect anonymity. Taping began within two semesters after completion of the PD program. We requested videotapes from the faculty four times in two years-twice during each iteration of a course. In fact, not all RTOP study participants submitted a full set of videotapes; 65 faculty submitted two or more videotapes. On average, the first videotaping of a class occurred 40 days after the participants' completion of PD, and the last taping of a class occurred during the second year after PD. Within a course, successive tapings occurred two to six weeks apart. A minimum of one semester elapsed between the first and last taping (average interval was 258 days). We did not obtain videotapes of teaching prior to PD.
Use of the RTOP to rate videos
The videotapes were rated using the RTOP , which allows a trained observer to characterize the degree to which faculty implement active-learning teaching techniques in their courses. The RTOP defines and allows the assessment of learner-centered teaching and is aligned with the theoretical underpinnings of inquiry-based teaching (MacIsaac and Falconer 2002) . The RTOP is a highly reliable instrument with strong predictive validity for student achievement (Lawson et al. 2002 ).
An RTOP score is an indicator of the degree of activelearning instruction and student involvement observed in a classroom . A final score is obtained by summing five subscales, which quantitatively rate an instructor on (1) lesson design and implementation, how well the instructor elicits students' prior knowledge, to what extent the instructor engages students and allows them to influence the focus and direction of the lesson; (2) propositional knowledge, how a teacher implements discipline-specific content; (3) procedural knowledge, the inquiry processes students use in the lesson; (4) communicative interactions, the proportion and variety of discussion that occurs among students and between the teacher and students; and (5) student-teacher relationship, attitudes of the teacher and students toward each other and the quality of their interactions. RTOP scores range from 0 to 100, with higher scores representing more learner-centered classrooms (i.e., students actively participate, take primary responsibility for their own learning, interact with each other, and shape the direction of the discussion), whereas lower scores indicate lecture-based, teacher-centered classrooms (i.e., lecture is the primary mode of communication, with minimal roles for students beyond note taking or the use of personal response systems).
Total RTOP scores are classified into one of five categories: categories I and II represent teacher-centered classrooms, and categories III-V represent classrooms that are learner-centered to varying extents (Sawada 2003 ; table 3) . A reformed, learner-centered introductory undergraduate science course typically falls into category III. Categories IV and V are difficult to achieve, in part because the physical classroom-a theatre-style lecture hall with large numbers of students-constrains activities and interaction . Laboratory settings or state-of-the-art SCALE-UP classrooms (Gaffney et al. 2008 ) remove many of the barriers to learner-centered instruction, resulting in students engaged in asking and exploring their own scientific questions (Handelsman et al. 2007 ). In such instances, reformed teaching can fall into categories IV and V.
The RTOP instrument was used to rate each of the 192 videotapes, with each tape rated twice by Education different individuals. The raters were randomly chosen from a pool of eight science faculty trained in using the RTOP protocol. All raters were trained and their ratings calibrated during an in-person training session, using an intraclass correlation that estimates the internal consistency among raters' scores (Shrout and Fleiss 1979) . After all eight reviewers achieved a significant intraclass correlation of .70 among RTOP scores with a sample of 10 videotapes, they began reviewing the tapes of the study participants. The videotapes were identified only by code; therefore, demographic data about the instructor, information about the course, and the date of taping were not available to the raters. Each tape was rated in a blind review, and the analysis of the tapes occurred over 24 months. Twice during the 24-month period, all eight raters were recalibrated by viewing and rating two selected videos that were not included in the study. This procedure maintained the intraclass reliability at or above its initial level.
Statistical analyses
Self-reported data were compiled from the surveys (table 2) . Because there were no significant differences on the baseline survey (pre-PD) in the responses of the FIRST II participants who did and did not participate in the RTOP study (one-tailed Wilcoxon two-sample test, p > .05), all responses were retained in the baseline data set. Likewise, the final survey data (post-PD) were pooled when responses from the FIRST II and SI faculty did not differ significantly. The responses on specific items of the baseline survey were compared with those on the final survey using one-tailed Wilcoxon two-sample tests (figure 1).
Ten independent variables that characterized faculty responses to PD and faculty demographics were evaluated as potential predictors of faculty teaching practices (box 1). These variables included teaching experience before and after PD, teaching environment (e.g., class size, departmental support), and influences on the extent to which faculty implemented active-learning strategies (e.g., confidence, challenges Education encountered; box 1). All of the variables were derived directly from the goals of the workshops and were consistent with research on high-quality PD (Garet et al. 2001 , Connolly and Millar 2006 , Postareff et al. 2008 . Three variables (i.e., proportion of the participants' appointments devoted to research, teaching, and service) were all highly correlated, so only the proportion of the appointment devoted to teaching was retained in the analysis. We then used a general linear models effect selection analysis (PROC GLMSELECT, SAS, Cary, North Carolina) to identify variables potentially useful as predictors of mean RTOP and subscale scores. We used the forward selection method with adjusted r 2 as the criterion for the addition of variables to the model. Data were tested for normality prior to the analyses. All statistical analyses were conducted using SAS Version 9.2 (SAS, Cary, North Carolina). Results of statistical analyses were considered to be significant at p < .05.
Results of the analyses
Depending on whether self-reported or observational data were used, the consequences of faculty participation in PD workshops differed. Survey data indicated that the PD workshops resulted in significant gains in faculty knowledge of and firsthand experience with specific aspects of reformed teaching (figure 1). On the midprogram survey, FIRST II participants were asked to list the reforms that they implemented in each of their classes and what they felt they took away from their participation in the PD project. At the end of PD, 89% of the FIRST II respondents (n = 112) stated that they implemented reforms in the prior academic year that stemmed from their participation in PD activities. A majority of the FIRST II and the SI faculty (n = 96) reported use of specific inquiry-based and learner-centered teaching practices after PD in each class period, weekly, or monthly (figure 2).
The participants also reported that they encountered multiple challenges that affected their use of learner-centered methods in their classrooms (figure 3). Over half of the faculty in the FIRST II and SI projects reported that they were somewhat (rating = 2) or very (rating = 3) challenged by each of the factors shown in figure 3 . Lack of time for teaching activities was clearly the dominant challenge, whereas a lack of cooperation and support from staff, colleagues, or other entities were minor challenges. In fact, when asked about specific aspects of departmental support for undergraduate education, faculty responses were largely positive or neutral (figure 4).
In contrast with the self-reported data, observations of faculty classrooms indicated that a majority of faculty (75%) Box 1. Variables derived from the self-report survey questions that were used in data analysis. Education implemented a lecture-based, teachercentered pedagogy, which was determined by mean RTOP scores for the videotapes submitted (figure 5). Furthermore, in the two years following PD, we observed no major shift in faculty practices. Fifty-seven percent of the participants were in the same RTOP category from their first to their final videotape. Of the remainder, 23% moved to a lower RTOP category following their first tape, whereas 20% moved to a higher RTOP category. There were no significant differences in the total RTOP scores or the subscale scores between faculty who participated in the FIRST II program and those who participated in the SI program (t-test, p > .05).
Continuous
We next conducted analyses to identify potential predictors of faculty RTOP scores. The results of a final general linear regression were statistically significant and incorporated four variables that accounted for 19% of the variation in RTOP score (table 4). The first variable entered into the model was the participant's number of years of teaching at the undergraduate level. This value was inversely related to the mean RTOP score, accounting for 8% of the score variation. The second variable added to the model was class size, which, like teaching experience, was inversely related to RTOP score. The proportion of a faculty member's appointment devoted to teaching activities was added as the third variable and was also inversely related to RTOP score. The final model variable was the faculty member's direct experience with activelearning teaching strategies. The more experience that faculty had with diverse active-learning strategies, the higher their RTOP score. None of the remaining variables (box 1) contributed positively to the adjusted r 2 for the model, so these variables were not selected for inclusion. The use of other criteria (e.g., Akaike information criterion, Schwarz's Bayesian information criterion) or model selection approaches (e.g., least angle regression) for the inclusion or exclusion of variables into the models were more conservative, usually including only the first two predictor variables (table 4) . Mean agreement of professional development participants with final survey items that characterize their department's commitment toward undergraduate education (1, strongly disagree; 2, moderately disagree; 3, neutral; 4, moderately agree; 5, strongly agree; n = 113). Error bars represent the standard error. To better understand the role of departmental support in teaching practice, we also asked the participants to indicate their level of agreement with six survey items: (1) They frequently discuss issues about improvement of teaching and learning with departmental colleagues; (2) other departmental faculty also feel a need to improve college science teaching and learning; (3) their department is committed to reforming curricula and courses to enhance active learning and inquiry-based teaching; (4) departmental faculty collaborate to achieve effective teaching; (5) departmental faculty are recognized, evaluated, and rewarded for effective teaching; and (6) departmental faculty are interested or engaged in scholarly work about teaching and learning. Education significant at p .1, but only three of the models met our criteria for statistical significance at < .05. One additional variable-departmental support-was included in the model for propositional knowledge, but it only explained 2% of the variation in the subscale scores, and the overall model results were not statistically significant (table 4) .
How learner centered was the pedagogy that faculty implemented following PD? Our results were consistent with the "paradox of change without difference" (Woodbury and Gess-Newsome 2002) . Faculty desire change (Samuelowicz and Bain 2001) and those in the present study stated that they had implemented active-learning teaching (figures 1 and 2) . However, the direct observations indicated that the implementation of learner-centered teaching did not occur ( figure 5, table  4) . Teacher-centered, transmission-of-information practices prevailed, despite the faculty's participation in PD workshops designed to help them implement active-learning teaching. The scores on four of the RTOP subscales, each of which is focused heavily on student-teacher and studentstudent dynamics in the classroom, were low (table 4). In contrast, the faculty's scores were almost twice as high on the propositional knowledge subscale as they were on the other subscales (table 4). The propositional knowledge subscale is focused on faculty knowledge about content, deriving connections with real-life examples, and promoting coherent understanding across topics and disciplines (MacIsaac and Falconer 2002) . High propositional knowledge scores reflect the ability of faculty to demonstrate their content knowledge in interdisciplinary contexts and their use of appropriate abstractions.
A multivariate analysis of the five subscales provided further insights into the total RTOP score and the predictor variables. As with the total RTOP score, 4 of the 10 potential predictor variables (i.e., years of teaching experience, class size, experience with active-learning teaching strategies, and proportion of appointment devoted to teaching) dominated the model for each subscale except propositional knowledge (table 4) . Although these four independent variables were incorporated into most of the models, no single variable accounted for a high proportion of variation in a subscale ( 11%). Likewise, a major proportion of the variation in subscales and in the total RTOP score ( 78%) was not accounted for by any of the linear regression models. All of the subscale models were 
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Step number refers to the sequential step of variable addition during the model-building process. C, class size; D, departmental support (see box 1 for details); E, cumulative firsthand experience with science education reform, course and curriculum planning, theories of learning, technology in instruction, interdisciplinary approaches to inquiry and problem solving, assessment, cooperative learning, case studies, independent projects, problem-based learning, inquiry-based laboratories, inquiry-based field projects, and teaching portfolios; P, the proportion of faculty appointment devoted to teaching activities; RTOP, Reformed Teaching Observation Protocol study; Y, the total number of years of undergraduate teaching experience. Education score, even though they were derived from factors traditionally thought to explain teaching differences among faculty (Gess-Newsome et al. 2003, Henderson and Dancy 2007) . The statistical significance of most of our models and the consistency of the predictive variables included in them indicate that those variables warrant consideration in relation to teaching reform and PD. Specifically, the most significant and consistent predictors of RTOP score were the number of years of teaching experience and class size. Of secondary importance were the proportion of the faculty's appointment devoted to teaching and their experience with curriculum reform and active-learning teaching practices (table 4). The negative relationship between years of teaching and RTOP scores indicated that the novice teachers implemented inquiry-based, learner-centered instruction to a greater extent than experienced teachers. Our results support the claim of Gibbs and Coffey (2004) that PD in teaching should occur early in one's career so it becomes the standard rather than the exception in departmental cultures. One possible explanation for our finding is that faculty who have taught longer may have greater difficulty implementing or are less inclined to implement learner-centered teaching. The class-size results, in which teaching of large classes was correlated with a lower RTOP score (i.e., the teaching was teacher centered), are consistent with the findings of Murray and MacDonald (1997) . They posited that the teaching practices of instructors are influenced by their belief that once the number of students exceeds 40, the class is perceived as a lecture.
Re-envisioning faculty PD In general, PD workshops provide some elements of what is needed to reform undergraduate science teaching, such as knowledge of why and how to use active-learning strategies (Pfund et al. 2009 ), use of instructional principles such as backward design (Wiggins and McTighe 2005) to develop teaching materials and classroom activities, and dealing with self-confidence and implementation challenges (Postareff et al. 2008) . Clearly, more work is needed. We posit that true understanding and implementation of learner-centered teaching cannot be taught without direct practice and feedback on that practice, which parallels how students learn (Bransford 2000) . The faculty in our study learned what was taught in the workshop, but they were left alone to successfully develop and implement active-learning teaching strategies. There was no on-site network of expert support. Our expectation that faculty teams would synthesize and expand on what was learned in PD workshops and would teach learner-centered courses was not met, at least not within our study period. Prather and Brissenden (2008) recognized this problem and suggested a model of situated apprenticeships to increase the frequency and success of faculty attempts at teaching change. Communities of practice composed of individuals with similar goals can support one another with implementation strategies (Rogan 2007) . Regular and timely feedback from experts is fundamental to the PD process as faculty work to improve their Did self-reported data about faculty's teaching practices differ from data compiled by independent observers? The self-reported data that we analyzed presented a very different picture of faculty teaching from that described by the observational data. On the basis of the self-reported data alone, our conclusions about faculty's teaching practices following PD would parallel those of the study of SI faculty (figures 1 and 2; Pfund et al. 2009 ). Specifically, faculty stated that they did implement active learning in their classrooms and the majority of the FIRST II participants (89%) stated that they reformed their teaching practices following PD. The discrepancy in results between our self-reported data and the observational data, however, supports the concerns of Kane et al. (2002) about the value and interpretation of self-reported information as a measure of teaching practices and the effectiveness of PD. We do not question whether the faculty in our study believed that they implemented active, student-centered teaching practices; the self-reported data and the faculty's written statements at the end of PD did indicate these beliefs. Indeed, most of the faculty did interact with students and used some active-learning strategies during some class sessions (i.e., RTOP category II; table 3).
Disconnects between teachers' conceptions of their practice and the reality of that practice are not new (Fung and Chow 2002 ). Yet the question remains, why did faculty use teacher-centered rather than student-centered practices after PD? Traditional beliefs, self-efficacy, values, level of dissatisfaction with student learning, and attitudes about teaching and learning probably influence the degree to which faculty create learner-centered classrooms, despite participation in workshops that are designed to promote such pedagogies (Gess-Newsome et al. 2003, Henderson and Dancy 2007) . Rewards within departments for teaching and learning compared with those for research also influence individuals' interest in and motivation to spend time redesigning courses and implementing different pedagogies (Henderson 2008) . Peer interactions about teaching set a positive or negative tone within departments, thereby encouraging or discouraging commitment to teaching as scholarship. Likewise, concerns about students' willingness to adapt to different teaching approaches and the impact of student evaluations influence faculty decisions about whether to implement learner-centered classrooms (Henderson 2008) . In our study, peer and departmental support and cooperation were not perceived as barriers to implementing student-centered teaching, but practical matters of time, practical aspects of teaching implementation, and student attitudes and evaluations were cited as substantive challenges (figure 3). However, even with these reported challenges, the faculty perceived themselves as frequently using active, learner-centered teaching practices (figure 2).
What variables predict teaching practice?
The potential predictive variables that we examined (box 1) accounted for only 19% of the variation in mean RTOP classrooms (Henderson et al. 2009 ). Instant replays of teaching, with expert commentary, may become our most powerful tool as we strive to improve the outcomes of PD programs that could ultimately improve student learning.
